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Abstract 
With the decoupling elasticity model, this paper studies the decoupling relationships (DRs) of total water uses (TWU) 
and provincial GDP, agricultural water uses (AWU) and agricultural added value (AAV), as well as industrial water 
uses (IWU) and industrial added value (IAV) respectively in Yunnan and Guizhou during the first ten years for the 
implementation of the Great Western Development Strategy. The results indicate that the DRs of water uses and 
economic development are highly undesirable in both provinces. Among the three groups, the DRs of AWU and 
AAV are the worst of all, with strong or weak coupling in 5 of the 10 years; the DRs of IWU and IAV are slightly 
better with strong coupling respectively in 3 of the 10 years in Yunnan and in 2 of the 10 years in Guizhou; and the 
DRs of TWU and GDP are the best, with strong or weak decoupling in 7 of the 10 years in both provinces. The DRs 
have improved in the period of 2006-2010 if compared with that in the period of 2001-2005. It is concluded that slow 
economic growth, low efficiency and poor structure of water uses are the main reasons for the worse status of DRs, 
and the development of economy and water uses efficiency promotes the DRs getting better.  
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1. Introduction 
The two provinces of Yunnan and Guizhou are in the key area of the Great Western Development 
Strategy, they are rich in water resources, with 222.1 billion m3/a in Yunnan and 103.6 billion m3/a in 
Guizhou, respectively accounting for 8% and 4% of China's total water resources, but there are problems 
like being short of available water resources (only 20.0% in Yunnan and 15.2% in Guizhou ), being 
uneven of water distribution spatially and temporally, and being unbalanced between water supply and 
demand [1]. In recent years, frequent droughts affected residents’ life, brought about reduction of 
industrial and agricultural products, and caused serious ecological damage. Water is playing an increasing 
important role in the two provinces [2]. How to control the total water uses, improve efficiency of water 
uses and at the same time ensure the economic development is a big challenge.  
Decoupling analysis can quantify the coupling between material consumption and economic 
development [3]. Eessentially, decoupling means different trends of two related variables. In the field of 
resources research, decoupling is usually defined as breaking the link relationship between resources 
consumption and economic development [4]. Bruyn SM thought that the phenomenon of resources 
consumption reduced while the economy developed was decoupling [5]. Deng Hua defined the 
decoupling as producing more wealth with less material consumption [6]. There are three decoupling 
analysis methods that widely used. The first one is decoupling index model proposed by the OECD [7, 8], 
who evaluated the DRs of environmental pressure and economic development of its 30 members. In 2003, 
when studying the DRs of material consumption and GDP of the EU's 15 members, Velmas J. [9] 
proposed the decoupling analysis method, and divided the DRs into six degrees. Subsequently, Tapio P. 
[10] proposed the decoupling elasticity model, which divided DRs into eight degrees.  
Along with the theory and methods getting mature, the application also increases in China. Guo Lin 
[11] and Song Wei [12] analyzed the DRs of China's arable land occupation and economic development 
with the decoupling index model; Wang Yuan [13] studied the DRs of energy consumption and economic 
development in Jiangsu province with decoupling analysis method, and Zhang Lei [14] studied the DRs 
of environmental pollution and economic development of the Yangtze River Delta Region with the same 
method; Yang Ke[15] calculated the decoupling elasticity of arable land occupation and economic 
development in Hebei province, Liu Yijun[16] used the same model to evaluate the DRs of energy 
consumption and GDP in the top 100 cities, Sun Yaohua [17] and Peng Jiawen [18] also used the 
decoupling elasticity model to measure the DRs of carbon emission and economic development in China. 
The decoupling theory has been widely used in many fields, but still rarely used in the research of 
relationship between water uses and economic development. So the decoupling theory is applied in this 
paper to reveal the DRs of water uses and economic development, their trends and driving factors, then to 
put forward suggestions of speeding up decoupling of water uses from economic development. 
2. Methodology 
The paper takes the decoupling elasticity model as the main method. According to the characteristics 
of water uses and economic development in Yunnan and Guizhou, the total water uses (TWU), 
agricultural water uses (AWU), and industrial water uses (IWU) are chosen as the indicators of water uses, 
and the provincial GDP, agricultural added value (AAV) and industrial added value (IAV) are as the 
indicators of economic development, then the decoupling elasticity of TWU and GDP (GDE), AWU and 
AAV (ADE), and IWU and IAV (IDE) are build. The formulas are as follows: 












                                                     (1) 
In (1), V is representing interannual rate of change. According to the classification proposed by 
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Vehmas J.,  this paper divides DRs into six degrees of strong decoupling, weak decoupling, degenerative 
decoupling, expansionary coupling, weak coupling  and strong coupling. When decoupling happens, the 
water consumption will be less as the economy develops over time. Strong decoupling is the best, 
coupling is not conducive to the sustainable development and strong coupling is the worst of all.  
The classification of DRs between TWU and GDP is taken as an example. As shown in Fig.1., when 
VTWU<0 and VGDP>0, it’s strong decoupling (A); when VTWU>0, VGDP>0,  and the GDE is between 0 and 1, 
it’s weak decoupling (B); when VTWU<0, VGDP<0 and the GDE is bigger than 1, it’s degenerative 
decoupling (C); when VTWU>0, VGDP>0 and GDE is bigger than 1, it’s expansionary coupling (D); when 
VTWU<0, VGDP<0 and GDE is between 0 and 1, it’s weak coupling (E); when VTWU>0, VGDP<0, it’s strong 
coupling (F). The classifications of DRs of AWU and AAV, IWU and IAV are the same.    
 
Fig. 1. Classification of the DRs between TWC and GDP. 
3. Results and discussion 
3.1. Results 
From the Table 1, it is clear that the DRs of water uses and economic development were not good in 
Yunnan and Guizhou provinces for the past 10 years, with strong decoupling only in few years but strong 
and weak coupling in more years. Overall, strong decoupling only appeared 12 times, accounting for 20%, 
the sum of weak and strong decoupling just accounted for 53.4%; but the weak and strong coupling had 
high frequency of occurrence, while the strong coupling appeared 12 times, and the weak coupling 
appeared 6 times, together accounting for 30% of the total. 
From the comparison of the three groups, the DRs of AWU and AAV were the worst, the DRs of IWU 
and IAV were slightly better but still not ideal, and the DRs of TWU and GDP were relatively good. For 
the DRs of AWU and AAV, there were 5 years where both provinces presented unfavourable states of 
strong or weak coupling. In Yunnan, in 2 of the 10 years they  were strong coupling, and for Guizhou 
there were 4 of the 10 years; as for the proportion of strong decoupling, Yunnan had 1 of the 10 years, 
Guizhou had 3 of the 10 years, and there were 4 of the 10 years where they were weak decoupling in both 
provinces. For the DRs of IWU and IAV, there were 3 years in Yunnan and 2 years in Guizhou that 
presented strong coupling, but strong decoupling appeared only in 2 years in Yunnan and 1 year in 
Guizhou, and 3 years in Yunnan and 4 years in Guizhou they were weak decoupling, the sum of years of 
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weak and strong decoupling only accounted for 50% in both provinces. In contrast, the DRs of TWU and 
GDP were relatively good, with 70% years of strong or weak decoupling in both provinces, in Yunnan 
there were 4 years of strong decoupling, and in Guizhou there was 1 year of strong decoupling. Although 
the proportion of strong and weak decoupling was large, the DRs of TWU and GDP were still far away 
from stable ideal state. 
Table 1. Evaluation of decoupling relationships of water uses and economic development during the period from 2001 to 2010 in 
Yunnan and Guizhou provinces.  
Provinces Time 
DRs of GDP and TWU DRs of AAV and AWU DRs of IAV and IWU 







2001 <0 <0 1.290 C <0 <0 0.357 E >0 <0 -0.078 F 
2002 >0 <0 
-
1.987 
F >0 <0 -0.069 F >0 <0 -9.106 F 
2003 <0 >0 
-
1.030 
A >0 <0 -0.842 F <0 >0 -3.827 A 
2004 >0 >0 0.068 B >0 >0 0.012 B >0 >0 0.363 B 
2005 <0 >0 
-
0.021 
A <0 >0 -0.417 A >0 >0 4.450 D 
2006 <0 >0 
-
0.424 
A <0 <0 1.320 C >0 >0 0.304 B 
2007 >0 >0 0.542 B >0 >0 0.243 B >0 >0 2.476 D 
2008 >0 >0 0.258 B >0 >0 0.045 B <0 >0 -0.069 A 
2009 <0 <0 0.089 E <0 <0 0.167 E >0 <0 -0.184 F 
2010 <0 >0 
-
0.579 
A <0 <0 0.89 E >0 >0 0.997 B 
Guizhou 
2001 >0 >0 1.172 D >0 <0 -0.576 F >0 <0 -20.04 F 
2002 >0 >0 6.676 D >0 <0 -0.152 F >0 >0 11.089 D 
2003 >0 >0 0.548 B >0 <0 -0.564 F >0 >0 1.012 D 
2004 >0 >0 0.113 B <0 >0 0.000 A >0 >0 0.158 B 
2005 >0 >0 0.315 B <0 <0 1.898 C >0 >0 0.327 B 
2006 >0 >0 0.625 B >0 <0 -3.703 F <0 >0 -0.378 A 
2007 <0 >0 
-
0.195 
A <0 >0 -2.879 A >0 >0 3.572 D 
2008 >0 >0 0.340 B >0 >0 0.383 B >0 >0 0.528 B 
2009 <0 <0 0.736 E <0 <0 0.219 E >0 <0 -0.115 F 
2010 >0 >0 0.231 B <0 >0 -0.87 A >0 >0 0.067 B 
              
From Table 2, it can be seen that the DRs become better from the period of 2001-2005 to the period of 
2006-2010. In Yunnan, the DRs of TWU and GDP changed from expansionary coupling to weak 
decoupling, the DRs of AWU and AAV were from weak coupling to strong decoupling, and the DRs of 
IWU and IAV became weak decoupling from expansionary coupling. In Guizhou, the DRs of TWU and 
GDP were weak decoupling in both periods, but the GDE reduced from 0.86 to 0.22, indicating 
improvement; the DRs of AWU and AAV developed from strong coupling to degenerative decoupling, 
and the DRs of IWU and IAV became weak decoupling from expansionary coupling. 
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3.2. Discussion 
The DRs of water uses and economic development were not good during 2001-2010 in Yunnan and 
Guizhou. The following discussed the main reasons of the poor performance from three aspects: 
economic development, efficiency of water uses, and structure of water uses. 
Slow economic growth was one of the main reasons. When economic growth is negative, the DRs are 
degenerative coupling, weak coupling or strong coupling, and the years where these three kinds of DRs 
appeared accounted for 30% and 10%, 60% and 60%, 30% and 20% respectively in Yunnan and Guizhou, 
indicating that a relatively low level of economic development affected the DRs. According to statistics, 
the two provinces were most backward in China, the GDP, AAV and IAV growth were relatively slow. 
Further analysis revealed that strong or weak coupling appeared at the beginning of the implementation of 
the Great Western Development Strategy and the time of global financial crisis, when the economic 
growth was slow. 
Table 2. Evaluation of decoupling relationships of water uses and economic development of the periods of 2001-2005 and 2006-
2010 in Yunnan and Guizhou provinces.  
Provinces Periods 
DRs of GDP and TWU DRs of AAV and AWU DRs of IAV and IWU 
VTWU VGDP GDE results VAWU VAAV ADE results VIWU VIAV IDE results 
Yunnan 
2001-2005 >0 >0 1.05 D <0 <0 0.06 E >0 >0 1.50 D 
2006-2010 >0 >0 0.09 B <0 >0 -0.51 A >0 >0 0.87 B 
Guizhou 
2001-2005 >0 >0 0.86 B >0 <0 -0.37 F >0 >0 1.75 D 
2006-2010 >0 >0 0.22 B <0 <0 1.35 C >0 >0 0.65 B 
 
Low efficiency of water uses was another important reason. On the one hand, the social awareness of 
water conservation was weak and the efficiency of water uses was low. In 2010, the water consumption 
by per GDP was 204m3 in Yunnan and 219m3 in Guizhou, higher than the national average, which was 
151m3. On the other hand, agriculture was the major water users, accounting for 78% and 61% of the 
TWU in the two provinces, but the arable land water conservancy construction was lagging behind, and 
the number of water-saving irrigation areas was small, the irrigation water consumption by per area was 
448 m3 and 410 m3, higher than the national average too. Although the industry was not a major water 
user, but the industrial water uses has grown significantly in recent years, and the level of reuse and 
recycling was low, the industrial water consumption by per IAV were 98 m3 and 233 m3 in the two 
provinces, also higher than the national average which was 90 m3. 
Irrational structure of water uses is also an important factor, mainly manifested in two aspects. First, 
the agriculture contributed small to the provincial GDP, but used a lot of water, which severely affected 
the DRs of AWU and AAV. Secondly, in recent years, industries with high water consumption developed 
quickly, directly resulted into a surge in industrial water consumption, and brought great pressure to the 
DRs of IWU and IAV. Moreover, both indirectly adversely affected the DRs of TWU and GDP. 
From another perspective, the DRs improved from the period of 2001-2005 to the period of 2006–
2010, mainly due to the economic development and improvement of water uses efficiency. In the period 
of 2006-2010, Yunnan and Guizhou put much effort in the water conservation, and strengthened the 
construction of water conservancy in agriculture. The water consumption by per irrigation area dropped 
from 554m3 to 448m3 in Yunnan, and in Guizhou it dropped from 618m3 to 410m3; the water 
consumption by per IAV decreased from 147.1 m3 to 98 m3 in Yunnan, and the number of Guizhou 
decreased by 11%. All these played a positive role in improving the DRs. 
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4. Conclusions 
This paper calculated the decoupling elasticity of TWU and GDP, AWU and AAV, IWU and IAV, and 
based on that comprehensively studied the DRs of water uses and economic development in the two 
provinces of Yunnan and Guizhou during the first ten years (2001–2010) for the implementation of the 
Great Western Development Strategy. It is concluded that:   
The DRs of water uses and economic development were not good in the past 10 years, with strong 
decoupling in few years and strong or weak coupling in more years. The DRs of AWU and AAV were 
worst of all, the DRs of IWU and IAV were slightly better but not optimistic, and the DRs of TWU and 
GDP were best compared to the former, but did not yet reached the optimal state. The DRs had improved 
in the period of 2006-2010 if compared with that in the period of 2001–2005. 
Slow economic growth, low efficiency and irrational structure of water uses were main factors, but as 
the economy and efficiency of water uses still developed, so they also promoted the DRs getting better in 
the period of 2006-2010 compared with that in the period of 2001–2005. 
Based on the above research, we have suggestions for Yunnan and Guizhou provinces: first, continue 
to develop the economy and at the same time accelerate the transformation of development mode; second, 
optimize the industrial structure, limit the excessive growth of the high water consumption industries and 
actively encourage and support the development of water-saving industries; third, strengthen water 
conservancy construction to promote agricultural water saving; last but not the least, comprehensively use 
engineering measures, management measures and economic measures to improve the efficiency of water 
uses. 
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